Abstract I report the discovery of a new effect of General Relativity which is important to understand very rapidly rotating (Kerr) black holes. The orbital velocity of a test particle is no longer a monotonic function of the orbit radius when the spin of the black hole is >0.9953, but displays a local minimum-maximum structure for radii smaller than 1.8 gravitational radii.
INTRODUCTION
The classical problem of a test particle orbiting a rotating black hole has long been solved (Bardeen et al. 1972) . Stable circular orbits exist down to a minimal orbital radius r, the innermost marginally stable circular orbit.
As for Newtonian mechanics both the energy E and the angular momentum L of the particle are monotonic functions of r for the full range of the black hole spin parameter a, the normalized angular momentum for which -1≤ a ≤ 1. This means that there is no ⋆ E-mail: bra@mpe.mpg.de obvious preference for any specific value of r and a for a particle to take. This strictly monotonic behaviour with r and a has generally been assumed to hold for the orbital velocity v (Φ) as well. But this is not the case.
THE STRANGE BEHAVIOR OF THE ORBITAL VELOCITY
By a detailed numerical analysis of the Boyer-Lindquist functions (Boyer & Lindquist 1967) , which describe the space-time of a Kerr black hole, I have shown that the monotonic behaviour of v (Φ) breaks down for a > 0.9953, and v (Φ) develops a minimummaximum structure in r-space (c.f. Fig. 1 ) (Aschenbach 2004) .
It can be shown that the radii with r min ≤ r ≤ r max are larger than the corresponding radius of the innermost stable circular orbit (Aschenbach 2004) . Therefore, according to the formal Bardeen stability criterion these orbits are stable (c.f. Fig. 2 ).
The non-monotonic behaviour of v (Φ) is a new effect of General Relativity which has been overlooked so far. Meanwhile the effect has been confirmed and Stuchlík et al. (2005) have
shown that this effect occurs not only for geodesic, stable, circular orbits but also for nongeodesic circular orbits with constant specific angular momentum (Stuchlík et al. 2005 ). The physical relevance and impact of this new effect are currently investigated.
Variation of the topology for particles and fluids orbiting rapidly rotating black holes is a possible consequence (Stuchlík et al. 2005 ).
According to standard definition the orbits between r min and r max are stable but this region is suspicious because it is the only region with ∂v (Φ) /∂r ≥ 0, which represents a positive rate of change of the orbital velocity per unit length of r or some sort of time scale that can be compared with other typical time scales. These are given by the orbital (Kepler) frequency, the radial epicyclic frequency Ω R and the vertical (polar) epicyclic frequency Ω V . These three frequencies take identical values in Newtonian physics but all three differ from each other only in Kerr space-time for a = 0. I therefore define a critical angular 'frequency' Ω c = 2π
∂r | max at that radial position where ∂v (Φ) /∂r has the maximum value for a given a. Fig. 3 shows Ω c in comparison with Ω R and illustrates
that Ω c is very close to Ω R for 1 − a = 0.004, i.e. the rate of change of the orbital velocity in radial direction equals the epicyclic frequency again in radial direction. 
BLACK HOLES IN ASTROPHYSICS
The existence of astrophysical black holes in the universe has been discussed for quite some time. They have been searched in X-ray binaries with masses typical of stars, and in the cores of galaxies as supermassive black holes with masses exceeding a few million times the mass of the sun and more. On the stellar-mass level promising candidates have been found in low mass X-ray binaries: With a mass significantly exceeding that of the most dense, stable object known, i.e. a neutron star, a black hole is the only candidate for the dark component in the respective binary. About 20 such systems have been detected so far in our Galaxy. The most promising candidate for a supermassive black hole is an object in the centre of the Milky Way, called Sagittarius A * (Sgr A * ). In either case the motion of a star, or several stars in case of Sgr A * , orbiting the candidate black hole, is used for the determination of the mass of the compact and dark object through Kepler's laws, i.e. the application of Newtonian physics.
Black holes themselves do not emit. The radiation we receive is generally from gas or dust in the vicinity of the black hole. This matter is orbiting the black hole and may be organized in an accretion disk. Some fraction of this matter may show oscillations and the majority of the scientists tend to associate these with Kepler frequencies. But as shown above the epicyclic frequencies may be equally or even more important.
The Case of Sgr A *
With the dramatic improvement of the near-infrared capabilities of the large groundbased telescopes over the last ten years and with the launch of the big X-ray observatories Chandra (NASA) and XMM-Newton (ESA) about six years ago the radiation of Sgr A * could be studied in great detail. A major surprise was the discovery of huge flares both in the near-infrared and X-rays. The first report of a quasi-period of about 16.8 min was reported by Genzel et al. (2003) . The Fourier analysis of the X-ray flares confirmed this period and revealed additional quasi-periods ). The statistical signifance of the periods per observation is not overwhelming but the fact that they have been observed in more than one independent experiment with excessive power density favours the existence of a true signal. Fig. 4 shows a summary of these frequencies.
Meanwhile later measurements, both in the infrared and X-rays, have supported the (2)). Looking at just the four data points of group #2 there seems to be a tendency that we observe different frequencies in those four measurements, although a rigorous error analysis would not exclude a single frequency for group #2. Interestingly, both Genzel el al. (2003) and Liu et al. (2006) claim that the period they found is not constant over the observation but is decreasing from 22.7 minutes to 11.8 minutes (Genzel et al. 2003) and 25 minutes to 17.5 minutes (Liu et al. 2006 ) based on the separation of the flux maxima/minima. Whether this is actually a decrease of the period remains to be seen, given the fact that just six to nine minima/maxima with fairly low counting statistics and complex lightcurves have been observed. These authors advocate for Keplerian motion with decreasing period because of radial infall with a velocity of about 0.3%×c. Independent of the interpretation these results, because of their short periods -if they are actually orbital periods -underline that the modulation of the flux happens within a few Schwarzschild radii of the black hole and that the Sgr A * black hole has a significant spin.
Basically, the frequencies can be divided into four groups. The frequencies of the first three groups appear to follow a ratio of 1:2:3, which is confirmed by a best fit.
Because of the appearence of a 3:1 resonance I have associated the highest of the three frequencies with the vertical epicyclic frequency and the lowest of the three frequencies with the radial epicyclic frequency, and I assume that the appearence of these frequencies is due to the new effect of General Relativity described above. In this way the spin a and the orbit radius r are fixed and the mass of the black hole is set by the observed frequencies. For the numerical relation between mass and frequency one may take either the vertical or the radial frequency. Determined in this way it turns out that the mass of the Sgr A * black hole is (3.28 ± 0.13)×10 6 times the mass of our sun. I stress that this mass estimate follows from a straight inverse relation between mass and frequency and does not depend on any other observables like the distance to the black hole. Fig.   5 shows a comparison with the most recent estimates of the Sgr A * mass which has been derived from more than a decade long dynamical measurements of the orbits of the S-stars around Sgr A * (Eisenhauer et al. 2005 , Ghez et al. 2005 ). These results depend on the distance to Sgr A * , and the respective data shown are normalized to the same best estimate of the distance of 7.62 kpc (Eisenhauer et al. 2005 ). The agreement is more than satisfactory and there is the chance to lower the uncertainty for the QPO measured mass significantly by improving the frequency measurements.
As a side product I mention that these QPOs arise in a region very close to the black hole at r = 1.546 or 0.773 Schwarzschild radii, which is an excellent test bed for the effects of strong gravity. For example, the relative difference of the orbital velocity treated by either General Relativity or Newtonian mechanics is more than 65%. mass determined by epicyclic frequencies (Aschenbach 2004) , data 2 and 3: mass determined dynamically by measurements of stellar orbits (Eisenhauer et al. 2005 , Ghez et al. 2005 ; these data have been normalized to the best estimate of the distance of d = 7.62 kpc (Eisenhauer et al. 2005 ). ASCHENBACH: Yes we did that, but we did not find any significant variations. But I stress that the relative flux of the modulated signal is very low. X-ray telescopes with much larger collecting area are needed.
CONCLUSIONS

